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Introduction 
Metastable steels provide a combination of exceptional 
mechanical properties by exploiting the martensitic 
transformations. However, during forming operations 
complex deformation paths lead to varying stress states 
and strain paths throughout the material which in turn 
complicates the predictability of transformation. 
 
 
 
 
 
 
 
 
 
Figure 1. The Biaxial test equipment 
 
Objective 
The aim of this study is to experimentally observe the 
effects of stress state and strain path on the rate of 
deformation induced martensitic transformation.  
 
Method 
A Biaxial test setup is used to impose a combination of 
Plane strain tension and Simple shear deformation 
simultaneously on the sample. A magnetic sensor is used 
to measure the transformation via the relative 
permability difference of α′ and γ. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Test setup and covered stress domain 
 
 
 
 
 
 
Figure 3. The deformation path and proportionality of rates 
 
Results 
The effect of stress state is observed by tests during which 
the deformation rates are kept proportional whereas for 
strain path dependency the deformation path is changed 
once from simple shear to a tension-shear combination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Results of the (a) proportional and (b) non-
proportional tests, legend denotes tan-1(vy /vx). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. (a) Transformation curves normalized to give 40% α′ 
at a strain of 1. (b) Strain at 40% α′ vs. tensile stress.  
 
 
 
 
 
 
 
 
 
Figure 6. Comparison of the orthogonal test result to the curve 
modeled by scaling the simple shear proportional curve 
according to the tensile stress data. 
 
Conclusions 
• All transformation curves can be reduced to a unique 
shape by scaling in strain space. (Figure 5a) 
• There is a linear relation between the amount of tension 
and the rate of transformation. (Figure 5b) 
• With a strain path change, the transformation curve 
scales with the amount of tension. (Figure 6) 
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